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ABSTRACT 

The Biological Sciences Curriculum Study designed, 
developed, and field-tested a series of nine curriculum resource 
units for* a- semester program called "Innovations: The Social 
Consequences of Science and Technology (1ST)." The units were 
designed for use by students anrf teachers in the 11th and 12th grades 
and at^ the junior college level: either' in existing science or social 
studies courses; or as the basis of an interdisciplinary course of 
science, society, and technology. Unit topics ijiclude: science, 
technology, and* society; television; low-head hydropower; day care; 
energy-technologies, dilemmas and options; human reproduction; 
computers and privacy; biomedical technology; and food technology. 
Presented in this final report are criteria used in identifying 
topics of interests, an overview of formative evaluation procedures, 
content reviews , information on field tests, and student and teacher 
feedback for each unit. Findings indicate that units were ^ 
enthusiastically received by both students and teachers and that, as 
a 'result of formative evaluation data collected, information was, 
provided for revising the experimental materials toproduce a 
commercially avai lable product . (JN) 
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Under an eighteen month grant (SED 7918968) from the National Science 

Foundation, the Biologica] Sciences Curriculiuu ' Study (BSCS) designed, 

developed, and' field tested a series of cyrriculuia resource units for 

students arid teachers^ "1^. be used as a semester program, lonovations : 

The. Social Consequences of! Science and Technology (1ST) • The resource 
A ^ 

units deal with recent scientific and technological "innovations" and 
their social consequences- The materials were designed for use at the 
11th and 12th grades and junior college level, either in existing 
science or social studies courses, or as a basis for^n interdisci- 
plinary course on science, society, and technology- 

The program consists of nine resource units containing a variety 
of student materials including various combinations of printed, audio 
tape, visual aids ^ and hands-on components. Each unit was prepared 
with five organizing questions in mind. They were: 1) What is it? 
(how does it work), 2) How does it affect me (personal signifi.cance) , 
3) How does it affect us (societal significance), 4) How valuable to 
■us is it?, and 5) \7hat might be its future? ' 

Table 1 below provides the title of each of the resource units 



I ' 



and the approximate class time planned for each. 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 



TO The educational resources 

O ^ INFORMATION CENTER (ERIC)." 



Table 1. 



Module 

Science/ Technology, and Society 

(an introductory module) 
Television 
Day Care 

Low-Head ,.Hydropower 

Computers and Privacy 

Human Reproduction: Social and 

Technological Aspects 
Energy: Technologies , Dilemmas , 

options 
Food Technology 
Biomedical Technology 



Time 



3 weeks 
3 weeks 
3-4 weeks 
2-3 ^weeks 
3 weeks 

3 weeks 

3 weeks 

2 weeks 

3 weeks 



These nine topics were selected incorporating work already completed 
I" 

by the Office of Technology Assessment (OTA) as a resource of technical 
information and assessment. It was the judgment of the project staff 
that use should be made of work completed or in progress by OTA, NSF, and 

other educational groups that had identified needs and priorities in this 

''I 

field* These groups already had invested large amounts of time, money, 
and expertise in this "area. In identifying topics that were of interest, 
teachable, and representative of current issues of science, society, and 
technology interactions, the following criteria were use.d: 

— Does the innovation involve a major impact of technology? 

— Does student and teacher interest exist or can it be generated? 

— Does the technology impact significantly on human needs and quality 
of life? 

— Can a maximal number of the five organizing questions for the 
curriculum materials be addressed? 

T Can the resource unit be developed within the procedural plan and ^ 

time line? 
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To address the question of student and teacher interest, a survey 
of possible topics was conducted among participants at the 1980 
National Council of Social Scientists and among ricience and social 
science teachers in the Jefferson County and Boulder Valley, Colorado, 
school districts. The survey listed twenty-one possible topics and-, 
provided six blanks so additional topics tould be entered by the 
respondent. Participants 'were asked to mark the topics they would use 
with their classes and that wou?.d maintain student interest. Eighty- 
five participants responded to the survey. The twenty-one topics as 

well as the' ones added by respondents were rank ordered. Using this 

4 

information, the information obtained from OTA and NSF, and the 

V 

criteria identified by the project staff, the previously mentioned 
nine topics were selected as the units to be developed. 

, -FORMATIVE EVALUATION ' 

cr 

Overview , 

The evaluation of Innovations: The Social Consequences of 
Science and Technology was considered an integral part of the development 
process. The evaluation design provided for securing data from teachers^ 
students, classrc^n observations/ and content experts. The data 
obtained from these sources will enable the curriculum developers to 
improve the effectiveness of the instructional materials prior to 
commercial publication. All data were Coded on optical scanning forms 
and read onto a magnetic tape at the Univ.ersity of Colorado Testing 



Center. The tapes were thon Uijed to, enter the data into the Cyber 720 
computer at the University of; Colorado Computing Center- The Statistical 
Package for the Social Sciences (SPSS) subroutines were used for data 
analysis. The results included in this report were synthesized from 
the SPSS output. 

In February, 1980, the first resource unit. Television , was pilot 
tested in a social science class from the Boulder Valley sc^lool district. 
Twenty-nine students participated in the pilot study. During the three 
weeks the program was used, at least one staff member was present during 
each class period to observe and interact with the students and teacher. 
Information obtained from this pilot test provided the framework both 
for the revision of the Television unit and for the development of the 
remaining eight units. Iriformation obtained from the pilot test 
included additional instructions required for the teacher's guide, 
-worksheet requirements, instructional strategies,,' unit format, and time 
limits, all of which were essential to the successful development of the 
remaining topics. 

During^ March, April, and May, the Television iinit was revised and 
the remaining eight Units were completed. The feedback obtained from 
students and teachers during the pilot test were^ incorporated in the 
development process of the other eight units Close attention was 
givert to the Teacher's Guide, instructional strategies, and areas where ' 
students had identified potential problems. 

. All resource units could not be pilot tested within the limited 
time available. As a result^, the project staff had to mal:e certain 



decisions with a limited knowledge base. The most critical of these 
decisions were iHose pertaining to the reading materials included in 
the units. Many of the readings required to adequately cover a topic 
were considered to be too difficult. However,, it was the concensus of 
the project staff that attempting to syntheize the readings in the 
short time available would result in misinformation or less than 
adequate information. From the results of the pilot test it was 
determined that several of the Television readings that were predicted 
by the staff to be too difficult for students to handle were not. 
A decision was made to include as many unabridged readings as possible. 
Information collected from cloze tests, and from students and teachers 
during the field' test, was used to establish if the readings were 
appropriate for high school students. ^ 

Content Reviews 
' ^ 

Beginning in June, 1980, the experimental resource units were 
provided to content experts for review and critiqued' Each content 
expert was asked to examine the unit according to the following 
criteria: the accuracy and completeness of the information presented; 
the objectivity, 'the balance of views; the fairness of views; and areas 
withiji the unit most in need of improvement. Table 2 contains the 
names of the content reviewers for each resource unit. 



Table 2. Content - Reviewers 



MODULE 

Science r Technology, and Society 

Television 
Food Technology 

) 

Low-Head Hydropower 
Biomedical Technology 

Human Reproduction 
Computers and Privacy 

Day Care /' 
Energy 

I 

*These units were not reviewed 



REVIEWER 

Dr. Melvin Kranzberg 
Dept. of Social Science 
Georgia Institute of Technology 
.Atlanta,* Georgia 

Dr. David Crippen 
KCET-TV 

Los Angeles, California 

Dr. James Ayres 
Goldkist Research Center 
Lithonia, Georgia 

Dr. Clair Stalnaker 
U.S. Fish and Wildlife Service 
Vt. Collins, Colorado ' ? 

Dr. Robert A- Burt, JD 

School of Law 

Yale University 

New Haven, Connecticut 

Dr, Sam Downing, MD 
Denver, Colorado 

Dr. Richard Pollak 

Minnesota Educational Computing 

Consortixam 
St. Paul, Minnesota 

* 
* 



for content. 



r/ 
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Tho followincj in a nvmunary oC t:lu; rovioworn' comments. 

Science , ■TechnolocjY^i and Society , Tlie major criticitJm;; t'ocuyod 
on two pointa: 1) more emphasia wan needed on the science component, 
and 2) a concern was expressed cibout the level of abstraction in some, 
but not all, of the readings. 

TeJ.evision , The review was positive with no major objections. 

Food Technology . The reviewer • objected to the limited scope of 
the content. He suggested additional activitieri and concepts to go 
beyond the truth-in-labeling investigations in the unit. The content 
was accuLcit^v but a better balance was needed. 

V Low-Head Hydropower ." The review was positive with no major 
objections.* 

Biomedical Technology . The reviewer expressed a concern about 
the students functioning as amateur^ lawyers in drawing up contracts . 
Some of these issues are being ruled on by .the U.S. Supreme Court and 
the recommendation was made that this part of the unit be dropped. 
The issues raised within the unit were judged to be important for 
consideration by the students. 

Human Reproduction . Some minor recommendations were made concerning 
changes in terminology. The overall review was very positive. 

Computers and Privacy . The content was considered to be important 
for the student population, ^t was suggested that a case be presented 

on the need for gathering information. This would present better 

(J ' 

balance of the two sides of the issue. 
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Tho rovii-ws i)htalru'»l from tlu» c:oiitM-i:; t'KjM'rt.s w»m^^ irt.-i-LviHl at. 
tUflMJrrnh tlmi.-i, A cl«.*cL:]i(>ti wan nuulr* io'itinnio ri^viuLons ol: 
uniti; bajuHl cmi th(» criticjuou until all of tho critlqUcn; had bin^n 
rocclvod. It wafp tl^oiKjhl: that a rovlcwor*t; coiumonta on any ii pacific 
rofJOurcQ unit could be ^lpplicablc to f.omo oC the other rotiource unity - 

Field Teat 

Tlio TST program war, field tontod during the fall semester oC 19i0. 
Fifteoji toachors were selected to field test the program. These 
fifteen teachers were brought to the BSCS for a two-day orientation 
conference prior to the implementation of the program. Daring the 
orientation, teachers were^ provided the following: an overview of the 
project; rationale for the inj^tructional strategies; detailed information 
on the student and teacher materials; detailed information on the 
Science, Technology, and Society resource unit; alternative methods 
for incorporating the resource units in their classes; and hands-on 
experience with approximately half of the sti^dent reS^^urce units. 

The 1$ 'field test teachers were selected on the basis of location, 
school setting, and subject area. A concerted -effort was made to 
obtain a balance of social science and science teachers and junior " 
college and high school settings. Table 3 provides information about 
the ifield test teachers and their classes. The field test period 
ranged from eight to twenty- four weeks depending on teacher schedules. 
During the field test period evaluative information was obtained from 
detailed questionnaires completed by teachers and students on each 
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trum thi-'.t- two '.^A\tct'-, i'i i.»i:r^i.irl bi*b>w hy r«-iourc«- unit. 
I. Overall !;t:udfnt riNtctioa wa:; vi^r/ |onltivo. 

?. TiMcht-rti* pr»rci*ption:i ifvlicatcHi that :;tudfmt:; b«?nfif itttnl and 
Ir.trnrd Ct:^>:n th<* matc»rlal:u 

3. Sont? of thr concepts wore prc';entcd at a Icvol oC liojhiK tication 
that wau too hiqh for many hlqh nchooL ntudcntn. Ho'-rover, the 
rnoro able high school ntuJenta and nearly all conaaunity collcgo 
r.tudentn handled tho cntiro unit with few or no problemu. 

4. The readinq level of r.omo, but not all, article:; wau too high for 
many high Gchool ntudcntr;. Most corCTunity college ntudents did 
not experience any problems with reading level. 

t 

Ml 

1. Overall GtudcTit reaction waij very positive. Student interest 
was high. 

2. Structure and content of the Teacher 'li Guide was satisfactory- 
More help was neede<i to arjsint teach -'rn in defining and identifying 
technical evcntc in TV broadcasting. 
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3. Most readings were handled successfully by most students. Two 
articles were identified by most teachers as being too difficult 

/ 

for high school students. 

4. several teachers suggested reducing the number of activities. . 
It was difficult to maintain a high level of student interest ^ 

- " / ^ ■ /' 

throughout the entire unit. / 

/ • 

5. Students who, were identified by teachers as being "self -motivated" 
seemed to maintain a higher level of interest than '^externally 
motivated" students. 

Low- Head Hydropower 

1. Student interest was high throughout. 

2. The shortness of the unit was perceived as a positive factor. 

3. More all-class work was utilized in this unit than in some of 
the others. 

\ 

4. Interest^n local water pro%^ was ' intensified at all field 

test sil/es . . 

5. The teachers indicated a need for additional reference materials. 

6. Some difficulties were encountered by students in determining 
the opelating capacities of generating station^. 



Day Care 

1. The concept of a social technology was received well by both 
teachers and students . 

2. The majority of the readings were within the ability ranges of 

the students. 



3. There was an overall impression of too much reliance' on reading,,^ 
in the first half to two-thirds of the unit. 

4. The concluding activities, which did not rely on readings , were 
[received very well by the students • 

5. Some difficulties were encountered because two few supplies 
i.e., books, film, etc.) were available for use during the field 
test. The level of funding made it virtually impossible to 
supply complete sets of supplonentary material for every student. 

. ^ \ 

Energy : Technologies , Dilemmas , Options 

1. Overall student interest and enthusiasm for this unit was very 
high and positive. - ^ 

2. Some of the readings were perceived to be too long, but the level 

o 

of difficulty was not a problem. 

3. The electric meter supplied with* the activity measured kilowatt- 
hours. The readings were top gross to identify differences in 
electricity using among small appliances over the limited time 
available for testing by students. A more sensitive meter will 
be needed for the commercial materials. 

4. Some teachers expressed a need in the Teacher's Guide for more 
detailed answers to student questions. 

5. ' Student awareness of an energy crisis seems to vary considerably 

in different parts of the coxintry. 

6. Many students in the field test sample experienced difficulty in 
interpreting graphs and in constructing their own graphs. 



7. The "new citfy" activity ^contained concepts that were difficult " 
for some students. This is the only activity where concept 
difficulty was identified as a problem. 

Humatn Reproduction 

1. Teacher feedback indicated student interest started and remained 
high throughout the unit. - 

2. pverall feedback was very positive. Suggestions that. follow 
were only minor inconveniences. 

3. Most teachers commented on the mature manner in which the high 
school students handled the subject matter. 

4. - S'om^"15earlie^s~f'e^^^ specific answers to all questions 

in the student materials. 

5. Some teachers recommended that a glossary be included. They 
^ sensed that some students did not understand the anatomical 

vocabulary and were too embarrassed to ask questions about the 
vocabulary. ' 

Computers and Privacy 

1. Teacher feedback indicated a high level of student interest and • 
enthusiasm. 

2. Many students became aware of the large amount of information 
about people, including themselves, that is being stored on 
computers. ' / ' . 

3. The reading level of all articles was appropriate for high school 

students. 



4. Teachers expressed the desire for more opportunities for 

' students to operate the computers with Software similar to 
" Doctor." 

5* An editorial decision left the first four activities out of the 

student materials and contained only in the Teacher's Guide. 

This should be corrected in the commercial materials. 
6. More information is needed on why it is necessary to retrieve 

and store information in order to present a more balanced 

approach to the privacy problem. 

Biomedical Technology 

1. This is an area of great interest to teachers and to students. 

2. The topics presented were of interest, but additional topics 

were suggested. j 

3. The reading level and complexity of the topics were too high for 
low ability high school students. The upper half of the high 
school students did not eicperience any difficulty with reading ' 
or concepts . 

4. More hands-on activities were requested but this is a difficult 
task for this subject. 

5. Some concern was expressed over asking the students to function 
J.n the role of a lawyer in drawing up model contracts. 

Food Technology 

1- Overall student interest for this unit was very high and positive 
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2. Students reacted very favorably to the types of projects included 
in this module. ^ 

3. Students who had completed the Television unit were .keenly aware 
of how the two technologies interacted. 

4. Teachers requested that activities which could be included from 
other units be identified in the Teacher's Guide. . 

5. It was suggested , that some activities be deleted because of 
their length and the fact no clear links were drawn with the 
unit as a whole. 

c 

I 

\ 

student Feedback 

Students were asked to fill out an activity evaluation form for 
each activity they completed. In addition, project staff queried 
students when visiting field test sites as to specific units and 
activities.. The information obtained from these two sources is 
summarized below by resource unit. 

Science, Technology , and Society 

1. Overall student reactions were positive to the unit and a high 
degree of interest was maintained. % 

2. Students suggested more detailed examples be used with Activities 
1, 4, and 6. ^ 

3. The reading level of some, but not all, articles was too high for 
many of the high school -students - This was not the case for the 
community college students. 

' -15- 
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4. Students considered examples included in the unit as relevant, 
current, and pertinent to their lives. 

5. The concepts presented in this unit, were considered thought 
p^voking and important. However, in Activity 6^. students 
suggested the'"' concepts were too difficult as presented- 

6. ■ Students responded very positively, to the Deprozine Simulation 

used in Activity 3- 

Television " 

1. Overall student reaction was very positive and a high degree of 
interest was maintained - 

2. Students suggested more activities be included which did not 
require television viewing - 

3. The introductory activity was very interesting and important to 
the overall understanding of the module. 

4. Students reported some of the projects as being too time consuming^, 
as far as requiring time outside of class. 

5. Students suggested the social impacts of television could be 
covered with fewer activities- 

Day Care ' 

1. Students expressed concern over the amount of reading. 

2. Students suggested some activities be deleted because there 
too much repetition. 

3. The taped interviews were not received well by students,, They 
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suggested that they should conduct the interviews or have 

visitors brought to cl»,ass. ' . 

4. Students perceived that they had an opportunity to consider the 

future and the impact teachnology may have oh them as individuals^ 
5,, Students reacted negatively to the number of vjorksheets included 

in this resource unit. 

Reproduction 

1. students responded positively to this resource unit and to the 
new information presented. 

2. The projects required of students typically produ^ negative 
remarks because of the time involved, the out of class work, and 
the additional research. Students suggested if the number of 
projects were reduced there would be a more favorable reaction. 

3. The lectures' and class discussions included by teachers met with 
positive feedback. The discussions provided students a forum in 
which questions could be answered that arose while they were 
working on th<i projectK. 

4. Information contained in tids unit was new to most students. 
Students found it ver.y interesting to be exposed to this new 
infornfation. Students thought that providing definitions would 
make it easier to understand the concepts presented. 

o ' 

Food Technolo gy 

1. Students reacted very favorably to this module and enjoyed the 



types of -projects which were included. ^ 
2r The worksheets were unclear and most students suggested they be 

revised or deleted- . 
3. For most students it was a fast-paced unit with enough variety to 

satisfy individual interests - 

Computers and Privacy 

1. Students were very positive and enthusiastic about this resoiirce 
.unit. It was consid^ed important and ^ technology which would 

become more and more a part of their lives. ^ 

2. Students expressed concern. and frustration over the projects which 
called for interviews. Obtaining some of the interviews proved 

to be too time consuming. 

3. Students enjoyed working on the computers and expressed a desire 
to have more activities that included $:he use of a computer. 

4. In those projects using interviews as a primary source of infor- 
mation, students suggested more visitors/experts be brought to 
the classroom to provide the information. 

5. students found the topics included in this unit were relevant, 
important, and pertinent to their lives. 

Biomedical Technology 

1. The overall student reaction to this resource unit was one of 
high interest - 

2. Generally, the high school students 



had difficulty with the 
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vocabulary and reading level. , Many suggested a glossary be 
included with each activity. ^ . ^ . 

3. Students expressed concern over th^ fact that most of the 

information had to be obtained from the readings. When- the 
readings were ^not followed by^class discussions or lectures, 
students did not feel they understood all the issues being 
presented. 

Low-Head Hydrppower ^ , 

1. Students were very enthusiastic and reacted positively to this 
unit. In geographical areas where low-head hydropower did not 
appear to be a critical issue, students remained highly motivated 
and interested. 

2. Students responded negatively to the amount of math required in 
this unit. Some students suggested that the math limited time 
which could be used to discuss issues. 

3. Those classes whic5i implemented the unit as an entire group - 
reported the small group disucssions and assignments as beneficial 

4. The filmstrip used with this unit was met with strong approval. 
Most students reported it made their projects more relevant and 
important. 

E nergy : , Technologies / Dilemmas , Options 

1. Students were enthusiastic and motivated about the projects 
included in tHis unit. 



2. Many students responded negatively to the readings included in 
this unit. However, teacher feedback indicated that this 
negative reaction may be due to the length of the articles and 
not to the issues presented. 

3? Many students did not see how some of the topics were "relevant 
' to their situations. 

General Findings 

In addition to the unit-specific findings of teachers and 
students / some general findings were identified that spcui all modules. 
Consistently, both teachers and students reported that the print was 
too small in the student and teacher materials. Students suggested 
the authors were presenting a topic of relative unimportance or else 
the print would be of a sufficient size to read. In this first field 
test the print was small due to budget constraints cuid n^ot a statement 
of the unimportance of the topics presented, * 

The issues and concerns raised by the project staff during the 
initial development phas^e about reading levels and the number of readings 
were also a concern to teachers ax\d students. For the most part, the 
readings were not considered too difficult by either teachers or 
students. In those cases where students found an article too difficult, 
a glossary was suggested. However, the length of the readings and the 
number proved to be a different issue. Students consistently stated 
they could have understood the concepts pres'ented, with much shorter 
readings. They also reported that reducing the length or providing 
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siommaries would, have maintained a higher degree of interest, in 
addition to this, both students and teachers wanted the actual number 
of readings .reduced. Teachers suggested that the deleted articles be 
included in the Teacher's Guides with suggestions on incorporating 
them. Students reported there was too muc^ repetition and a reduction 
of the number* of readings would solve this problem. 

Both the student evaluations and worksheets met with strong 
student opposition. The opposition focused on the nvunber of the 
inst;^iiinents and not necessarily on the content. Students did not mind 
completing some forms for each unit but felt the worksheets and 
evaluations for every activity required too much time. Many students 
suggested that both the evaluations and the worksheets be reduced in 
number and maintained this would increase the utility of the information 
obtained. > 

The final is^ue consistent across all resource units related to 
the projects. Most^its included several projects to be completed by 
the students. Students report^, the projects were generally too time 
consuming and did not take into account the other responsibilities 
students had (e.g., work, clubs, transportation , etc.). Those students 
having the time to complete the projects found them very rewarding- 

When the development of all resource units was completed, 
teachers were provided with enough material to effectively implement 
a two-year program. However, teachers had committed to use the program 
in their classes for a period of only eight to twelve weeks. It was 
therefore necessary for teachers to choose and use only selected units. 

' -21- 
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some teachers 'reported using a unit for only three weeks while others 
reported using the same unit for nine weeks. 

As a resul't, the field test varied dramatically from site to site. 
However, since the purpose of the formative evaluation was to obtain 
data necessary for judging and then improving the quality of the program, 
this was not seen as a limitation. In fact, it provided an opportunity 
to observe individual resource units being used in differing ways and 
for different purposes. Some teachers wanted to provide only a cursory 
view of a technology while others wanted students to have a more 
substantial understanding of the technology and its impact. 

The information obtained during this field test was used as a 
framework on which to revise the program. A proposal was developed to 
utilize the information obtained during the formative process to attend 
to the evaluation findings and produce the coramerical product, l-his 
proposal was not funded. 

In summary, the goals of the project were met and the volume of 
material produced far exceeded the original intent. The resource units 
were received enthusiastically by the teachers and students. Formative 
evaluation data collected by the project staff has provided information 
for revising the experimental materials to produce a commercially- 
availcible product. 



-22- 

■ 24 



